Germ cell sex determination is directed by the gonad and is characterized by a difference in the timing of entry into meiosis. Recent data show that retinoic acid signalling is responsible for the induction of germ cell meiosis in the developing ovary. In the fetal testis, this process is inhibited by a retinoic acid metabolizing enzyme.
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The role of germ cells is to ensure the transmission of genetic information from one generation to the next. To achieve this, the organism must protect and nurture these cells through meiosis so that they develop into haploid gametes, either sperm or eggs. The germ cell lineage in the mouse appears midway through gastrulation as a small cluster of primordial germ cells at the base of the allantois [1] . During development, these cells migrate through the hindgut and arrive at the gonad as it forms. This process has no sexual bias; however, after their arrival in the gonad, germ cells follow a sex specific fate. In the female, germ cells enter the first meiotic prophase and become oogonia at around 13.5 days post coitum (dpc). In the male, germ cells arrest in the G1/G0 stage of the cell cycle and become so-called T-prospermatogonia. After birth, they will resume mitosis and then enter meiosis a week later. Therefore, the first sexual difference in behaviour between male and female germ cells is their timing of onset into meiosis. It has been known for some time, from studies mainly from Anne McLaren's group, that this difference was independent of the sex chromosome constitution of germ cells but was dependent on their gonadal environment [2] [3] [4] [5] . Now, two exciting papers by Koubova et al. [6] and Bowles et al. [7] show that retinoic acid (RA) signalling is part of the switch that determines whether germ cells will develop as oocytes or as prospermatogonia.
The identification of two genes with particular gonadal expression patterns pointed towards the involvement of RA signalling in the control of the initiation of germ cell meiosis during embryogenesis. The RA-responsive gene Stra8 was first identified in a screen for genes induced by RA in embryonal carcinoma cells. Analysis of its expression pattern in the developing gonad showed that it was specific to germ cells of female (XX) embryos at a stage and pattern that preceded the onset of meiosis in the ovary by a day [8] . This suggested that Stra8 was an early marker of meiotic initiation. At 13.5 dpc, the gene Cyp26b1, which encodes an enzyme that metabolizes RA to an inactive form, was found to be expressed exclusively in the somatic cells of the male (XY) gonad [9] . These expression patterns suggested that RA might be responsible for inducing meiosis in the female embryonic gonad and that in the male this signal was inhibited by the action of CYP26B1 (Figure 1) . Proof for this model was obtained by a series of organ culture experiments and by the analysis of Cyp26b1 deficient mice. Addition of RA to XY gonads in culture induced the expression of Stra8 and other meiotic markers such as Scp3 and Dmc1 in germ cells whereas addition of RA receptor inhibitors to XX gonads repressed the expression of germ cell meiotic markers [6, 7] . Studies using a CYP26B1 specific inhibitor or a general inhibitor of CYP enzymes showed that meiotic markers were induced in the XY gonad when CYP26B1 was not active [6, 7] . Satisfyingly, Cyp26b1 deficient mice showed ectopic expression of Stra8 and Scp3 in the XY gonad [7] .
Where does the RA come from? Bowles et al. [7] used a transgenic mouse line in which the expression of the LacZ gene was controlled by a RA receptor response element (RARE-LacZ). These mice showed a high level of LacZ expression in the mesonephros of both sexes, identifying this tissue as the source of RA in the urogenital region ( Figure 1 ). To confirm this result, they used an in vitro culture system with RA reporter cells to show that the mesonephros, but not the gonad showed sustained RA production.
In addition, in situ hybridisation showed that one of the enzymes required for the production of retinoic acid, ALDH1A2, was expressed in the mesonephros. RA signals through the retinoic acid and retinoid X receptors, RARs and RXRs. Expression studies have shown that these are expressed in germ cells during development, suggesting that the effect of RA on meiosis is direct [7] . However, these receptors are also found in somatic cells of the gonad, hence there might be secondary effects of these cells on the process.
The new data tell us a lot about sex determination in germ cells. For example, the observation that Cyp26b1 is expressed in the early gonad of both XX and XY embryos shows why germ cells do not go into meiosis when they first arrive at the gonad and come into contact with RA made by the mesonephros [7] . The decision is postponed until somatic sex is determined in the gonad through the action of the testis-determining gene, Sry. The action of Sry leads to the upregulation of Cyp26b1 expression in the XY gonad, while it is being downregulated in the XX gonad (Figure 1) . Consistent with this, Cyp26B1 deficient mice show premature expression of meiotic markers in the XX gonad.
Meiosis in the XX gonad occurs in an anterior to posterior wave, which begins around 13.5 dpc, and is reflected in the pattern of expression of Stra8, which begins a day earlier [8, 10, 11] . The RARE-LacZ ovaries do show a modest increase of LacZ positive cells in the anterior region of the gonad, suggesting that there is a gradient of RA concentration in the gonad [7] . Bowles et al. [7] suggest that RA is entering the gonad through the mesonephric tubules that are connected to the gonad at the anterior end. Further studies are needed to confirm this intriguing possibility.
Another interesting point that arises from these studies is that the testis may also use RA signalling to induce meiosis postnatally. Previous studies hinted at this, as spermatogenesis was found to be blocked in male rats fed a diet deficient in vitamin A, a precursor of RA [12] . Consistent with this, Koubova et al. [6] injected RA into testes of these males and observed an increase in Stra8 expression. This suggests that the ovary and testis use the same signalling system to induce germ cell meiosis, although they do so at different times.
As always with important novel results, these studies make us readdress existing theories on germ cell differentiation. It had been proposed that the timing of meiotic entry is cell-autonomous, as germ cells grown outside the gonad, either in the lung, in adrenal or in in vitro cultures, enter meiotic prophase [1] . However, the current studies show that this process is not cell-autonomous, but requires RA, which is present in these alternative places. Various interesting concepts still need to be addressed, such as what is so special about the timing of entry into meiosis that determines whether a germ cell becomes an oocyte or spermatogonia? Also, are germ cells programmed to develop as oocytes, once meiosis has been induced by RA, and does the testis actively induce a separate pathway for spermatogenesis? It would be interesting to investigate what happens to germ cells that are prevented from entering meiosis in the XX gonad. Do they go into mitotic arrest as in the male or do they remain undifferentiated? Further analysis of the Cyp26b1 XY deficient mice will show whether RA is enough to induce all meiotic stages in germ cells and form oocytes and what effect this has on testis development. These novel and exciting discoveries will now allow us to address these and many more questions that will advance our knowledge on this most fundamental process.
A TRP family cation channel has been found to be critical for proprioception in the nematode Caenorhabditis elegans. This is a starting point for understanding conserved mechanotransduction mechanisms in proprioceptor neurons, and for deciphering how sensory feedback can function within a defined neural circuit to produce coordinated patterns of motor activity.
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In even the simplest of animals, the generation of coordinated body movements relies heavily on sensory feedback. In this process, known as proprioception, mechanosensory neurons detect forces generated as a consequence of body movement, such as membrane stretch, and use this information to modulate the activity of locomotor circuits. As with most mechanotransduction processes, there are many gaps in our understanding of the molecular and biophysical properties underlying the function of these proprioceptive mechanoreceptors. Furthermore, the mechanisms by which proprioceptors act in the context of neural circuits to control locomotor patterns are incompletely understood. With regard to the molecular mechanisms of proprioceptor mechanotransduction, two broadly conserved families of ion channels represent the likeliest suspects. The first of these is the DEG/ENaC/ ASIC family of channels. These form heteromultimeric complexes with stomatins which are permeable to sodium and, in some cases calcium [1, 2] . Several of these -for example, MEC-4 in the nematode Caenorhabditis elegans and BNC1 in mammals -have been shown to function in mechanosensation [3, 4] , although none has been reconstituted as a mechanically sensitive channel when expressed in heterologous cells. The second family is that of TRP cation channels. Among the many members of this family, several are either known to be important for mechanosensation in vivo -for example, the C. elegans TRPV channel OSM-9 and the vertebrate TRPA1 [5, 6] -or have been shown to be activated by mechanical forces in heterologous expression systems, as in the case of mammalian TRPV4 [7] .
In a recent study [8] , a mechanotransduction channel involved in proprioception was identified and characterized for the first time in the C. elegans. This channel protein, encoded by the trp-4 gene, is orthologous to the Drosophila nompC channel, a molecule critical for hair cell mechanotransduction in the fruitfly [9] , as well as to the zebrafish nompC, which is required for the function of auditory hair cells [10] . Previous studies had reported that C. elegans trp-4 is also expressed in putative mechanoreceptor neurons, involved in worm's nose [9, 11] , suggesting that it is also likely to encode a mechanosensory channel. However, as no mutations in trp-4 had been identified, the precise role of this channel in nervous system function and behavior was not known.
To investigate this question, Li et al. [8] obtained a deletion allele of trp-4 and closely analysed video recordings of trp-4 mutant animals. Interestingly, they observed that the trp-4 mutants generated abnormal locomotion waves, with exaggerated body bends and larger than normal wave amplitudes. When they investigated the cellular focus of this phenotype, they surprisingly
